The Benefits and Costs of the Clean Air Act, 1990 to 2010

Table E-19

Difference in Commercial Timber Growth Rates With and Without The CAAA

Difference in 2000

Difference in 2010

Region Softwoods Hardwoods Softwoods Hardwoods

PN W-E 1.68% 1.58% 2.11% 1.25%
PN W-W 1.17% 0.42% -0.56% 1.13%
S. West 0.84% 1.77% -0.14% 1.59%
N.Rocky 2.67% 0.40% 4.46% 2.05%
S. Rocky 4.77% 2.25% 4.14% 3.88%
S. Central 4.54% 4.80% 7.93% 8.41%
S. East 5.40% 5.65% 10.38% 10.91%
N. Central 1.80% 5.74% 4.36% 9.22%
N. East 4.27% 6.68% 9.58% 11.49%

It is important to note that the difference in
growth rates gradually grows from zero percent in
1990 to the values presented for 2000, and then 2010.
In other words, the difference in growth rate
estimated for 2010 is not experienced over the entire
1990-2010 modeling period.

Economic Impacts

TAMM estimates that there is a measurable
difference in timber harvests attributable to ozone
exposure under our two scenarios. At the outset of
our modeling period, early 1990s, virtually no change
is measured in forest harvest volumes. This is an
expected result because increases in growth rates
should not substantively affect timber volume over so
short a period of time. By the end of our modeling
period, late 2000s, increased growth rates over the
previous decade(s) begin to affect overall forest yields
in the form of harvestable timber. This is observed in
Figure E-8 as an increasing annual benefit estimate
over the modeling period.

The shape of the benefits time-series reveals a
production shift in one region of the United States as
a result of increased timber availability. This shift
produces a spike in economic surplus for a period of
three years. Although this change is small in
percentage terms relative to total economic surplus

generated by the timber sector it contributes to a large
portion of the benefits estimate over the 1990-2010
period.

The cumulative value of annual benefits is
calculated as the sum of the annual differences in
consumer and producer surplus from commercial
timber harvests under our CAAA and no CAAA
ozone exposure scenarios from 1990 to 2010. We
discount annual benefits to 1990 dollars using a five
percent discount rate. The total cumulative benefits
estimate is $1.87 billion.

Caveats and Uncertainties

In interpreting results from this analysis, several
points should be considered.  First, large-scale
analyses of complex ecosystem processes are typically
conducted with simulation models because it is
impossible to conduct large-scale manipulation
experiments that would provide similar predictive
capabilities. This brings with it inherent uncertainties
in that there may be little or no data with which to
validate model predictions. In the case of ozone
effects on forest production, the absence of
controlled, whole-forest fumigation studies across the
range of climatic, vegetation and pollution conditions
experienced across the U.S. makes it presently
impossible to validate all model predictions. In this
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Figure E-8

Annual Economic Welfare Benefit of Mitigating Ozone Impacts on
Commercial Timber: Difference Between the Pre-C  AAA and Post-CAAA

Scenarios
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analysis, we have combined established empirical
relationships between ozone exposure and plant
physiological function in a peer-reviewed model that
is based on sound forest growth processes. As such,
the resulting model predictions should be viewed as a
set of refined hypotheses, but nevertheless,
hypotheses that have not been thoroughly tested.

Second, while ozone has repeatedly been
identified as an important environmental stress agent
affecting forest vegetation, it is not the only such
factor to which forests are currently exposed at
regional to global scales. Human activities have
profoundly affected global cycles of carbon, nitrogen
and a number of other elements in ways that may be
at least as important as ozone. Because a number of
changes (e.g. elevated CO, and increased atmospheric
nitrogen deposition) have significant potential to cause
large-scale fertilization effects, growth predictions that
include ozone effects alone should be viewed as
incomplete.

Ozone Modeling

* Because it is not possible to model ozone
levels throughout the country during the
months of October through April during
future years, it is necessary to employ another
method to obtain estimates for ozone levels
during these months. We assume that ozone
levels during these months for 2000 and 2010
will be identical to the levels during the same
months of 1990. Thus, any differences in
timber production under the two scenarios of
CAAA promulgation and no CAAA
promulgation will be driven solely by ozone
differences during the warmer part of the
year that comprises the majority of the
growing season.

* Itisimportant to note that ozone monitoring
is not complete, with coverage especially low
in forested regions of the United States.
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Only two percent of ozone monitors are in
forested areas (U.S.EPA 1996). We work
with the best possible estimates of
tropospheric ozone concentrations but
identify this as a significant area of
uncertainty in this analysis.

Ecological Modeling

e Preliminary model results revealed an
interesting and unexpected interaction
between ozone, drought stress and carbon
allocation. On moist, productive sites, ozone
resulted primarily in decreased wood growth
because the simulated trees can afford to lose
wood without reducing more important
tissues which are given higher allocation
priority in the model (leaf and root). On
progressively colder or drier sites, ozone
exposure causes reductions in all plant tissues
because plants are already stressed enough
that additional reductions in carbon gain must
come from all plant pools. Complex
interactions among ozone, drought and this
carbon  allocation dynamic  produced
unexpectedly variable results, which, in some
cases caused an increase in growth in
response to ozone. Although these are
interesting  and  biologically  feasible
interactions, in the absence of any real data in
this area, it is impossible to determine the
extent to which they actually occur.

Economic Modeling

e There are two important caveats to the
economic modeling.  First, we generalize
changes in growth rates for entire forest types
across potentially heterogeneous regions.
TAMM is capable of modeling timber growth
and harvest with greater precision, breaking
down forests into many species and
age-classes and by county. We do not
anticipate that increasing the precision of
growth rate data on a national scale would
substantially alter our results.

*  The second caveat is economic benefits may
be underestimated by using so short a

modeling period. It is evident from the data
we present that improved growth takes years
to affect actual harvests. Therefore, the
complete benefits of improved growth during
1990 to 2010 will not be accrued until after
2010. By not including these years in our
analysis we can not fully account for the
commercial timber benefits of ozone
mitigation over the period of our analysis.

Carbon Sequestration Effects

It is possible to extend the analysis of timber
growth rates to account for the differences in
temporary and long-term carbon sequestration under
each of our ozone scenarios. This is accomplished by
linking two USDA Forest Service Models to
TAMM/ATLAS to generate estimates of carbon
sequestered in standing forest, and carbon sequestered
in commercial forest products. We briefly summarize
those steps here.

TAMM/ATLAS provides an estimate of the
standing timber stock and the commercial timber
harvests that will occur under each of our ozone
exposure scenarios. Using this information we
estimate the respective volumes of carbon sequestered
in each scenario using the forest carbon model
(FORCARB) and harvested carbon model
(HARVCARB).

FORCARB contains a set of stand level carbon
budgets that relate the timber growth and yield output
from ATLAS to trends in total ecosystem carbon over
the course of stand development. These include
carbon sequestered in trees, woody debris, understory
vegetation, and the forest floor. Using these data,
FORCARB estimates the total carbon sequestered in
commercial forests at any point in time. This
information provides a useful baseline for the rate of
forest carbon sequestration that can be expected
under different ozone exposure scenarios. For a
complete description of FORCARB and its
application see Turner et al. (1993) and Turner et al.
(1995).
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The age of natural forests and the management
regime of commercial forests largely determine the
fate of forest carbon. In natural forests, carbon
sequestration is temporary, with sequestered carbon
eventually returning to the nutrient cycle.
Alternatively, harvested timber is transformed into
commercial products that alter the life cycle of
sequestered carbon. Using the HARVCARB model,
we use hatrvest information from TAMM to track the
lifecycle of timber. The ultimate fate of this
sequestered carbon depends on the efficiency of
timber conversion (i.e. how much timber becomes a
product), and the durability of that product.
HARVCARB estimates the long-term carbon
sequestration resulting from timber harvests under
each of our scenarios. A full description of

HARVCARSB is found in Row and Phelps (1990).

Forest ecosystems help mitigate increasing
anthropogenic  carbon dioxide emissions by
sequestering carbon from the atmosphere, converting
atmospheric carbon into biological structures or
substances needed in physiological processes. Some air
pollutants, however, may adversely affect the potential
of forests to sequester carbon by slowing down the
rate of biomass accumulation of sensitive forest tree
species. This may affect the global carbon cycle and
may contribute to anthropogenically induced changes
in the earth's climatic conditions.

Using output from TAMM/ATLAS, timber
inventories can be converted into estimates of carbon
sequestered in commercial forests by a forest carbon
model (FORCARB). FORCARB estimates the
carbon storage in each of four ecosystem components:
trees; forest understory, forest floor, and soil. The
model uses forest carbon storage and flux estimates
based on ecological analyses of each of the forest
ecosystem components. The details of these studies
and their synthesis into the FORCARB model can be
found in Birdsey (1992a, 1992b) and Heath and
Birdsey (1993). Heath and Birdsey (1995) provide a
technical description of integrated simulations using
TAMM/ATLAS and FORCARB. Of the carbon
sequestered in forests, some portion is subsequently
harvested as timber and processed into wood
products, paper, and biomass fuel. We use a harvest
carbon model (HARVCARB) to estimate the life-cycle

of harvested forest timber and thereby adjust the
forest carbon sequestration estimates of FORCARB.
HARVCARB relies on a range of assumptions
approximately 50 percent of harvested wood
ultimately becomes a wood or paper product, the
remainder becomes waste from the production
process. Of the final wood and paper products, a
small percentage become durable products or are
landfilled and decompose at a rate of less than one
percent a year (Row and Phelps, 1990). Wood that is
cither manufactured into a durable product (e.g.
permanent building construction material, furniture)
or materials that are landfilled (e.g. paper) contribute
to long-term carbon sequestration. The remainder of
the harvested wood mass (e.g. biomass fuel, non-
durables that are not landfilled) is re-released to the
environment and therefore is not included in the
volume of carbon estimated to be sequestered in
forests.

We find that forest carbon sequestration increases
with improved air quality under the CAAA. This
result corresponds with the intuition that forests tend
to grow faster when tropospheric ozone exposure is
reduced. Carbon flux, or annual forest catbon
sequestration minus forest harvest losses (excluding
long-term carbon sequestration in forest products) is
also greater under the CAAA than under our No-
CAAA air quality scenario. We summarize our results
in Table E-20.
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Table E-20
Differences in Carbon Flux (millions of metric tons/year)

1990-1999 2000-2010
Forest Flux 8 28
Land Use Change >-1 >-1
Cumulative Fate of >1 >1
Removals
TOTAL FLUX 8 29

Forest carbon flux attributable to the CAAA
represents approximately four to sixteen percent of

anticipated total carbon flux in U.S. forests between
1990-2010.

In the event of a binding international carbon
mitigation agreement, the implication of this result is
that substantial costs of carbon mitigation may be
avoided by improved forest growth attributable to the
CAAA. Though it is not possible to evaluate the
monetary value of the avoided cost at this time due to
uncertainty regarding the actual cost of carbon
mitigation, it will be possible to estimate the value
using the data in this analysis once reliable carbon
mitigation costs become available.

Caveats and Uncertainties

Additional caveats and uncertainties associated
with the estimation of carbon sequestration in U.S.
commercial forests include the following:

e FORCARB estimates are based on a
synthesis of a variety of empirical studies of
the four ecosystem components (soil, forest
floor, understory, and trees). The total error
of the composite of these studies is not
treated explicitly as a modeling output.

*  FORCARB also estimates the carbon storage
and flux for a variety of forest types based on
a synthesis of empirical studies. The error
associated with extrapolating these data
across a variety of forest ecosystem types is
not explicitly treated.

*  HARVCARB utilizes data on the life span of
durable wood products that is over 50 years
old, originally compiled by the Internal
Revenue Service for purposes of calculating
depreciation of these products. Though the
authors of HARVCARB state that this data
continues to be reliable, changes in
construction, product and their uses most
likely biases these data. No estimate is made
of the magnitude or direction of this bias.

Aesthetic Degradation of Forests

The purpose of this section is to evaluate the
prospective benefits of forest aesthetic improvements
associated with improved air quality attributable to the
CAAA. In order to assess these benefits, we first
evaluate the known changes in visible injuries over
time. Available scientific methods and data on the
visual appearance of forest stands and their impact on
perceived forest aesthetics, however, make it difficult
to precisely describe changes in forest aesthetics.
Nevertheless, it is possible to describe a range of
visual impacts that may be caused by air pollutants
and their potential effect on forest aesthetics. Second,
we assess the economic value associated with such
aesthetic changes. The focus of much of this work
tends to be site-specific, describes the aesthetic
impacts of a number of causal factors, and utilizes a
variety of experimental methods making it difficult to
generalize results. We conclude that air quality
improvements attributable to the CAAA should result
in improved forest health, possibly providing aesthetic
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value to society in the range of billions of dollars. A
morte detailed description of this analysis is found in
Characterizing the Forest Aesthetics Benefits Attributable to
the 1990 Clean Air Act Amendments, 1990-2010 (IEC,
1999¢).

Forest Aesthetic Effects from Air
Pollutants

Air pollution can cause a wide variety of visual
injuries to forest stands, ranging in severity from
subtle injuries (e.g., minor leaf discoloration) to severe
forest decline (e.g., extensive defoliation and death of
trees). The severity of symptoms depends on many
factors including the atmospheric concentration of air
pollutants, the sensitivity of tree species to air
pollution and the presence of other environmental
stress factors (Fox and Mickler, 1995; Eagar and
Adams, 1992; Olson et al., 1992; Smith, 1990).

Many CAAA-regulated air pollutants are
associated with visual symptoms, including, but not
limited to, tropospheric ozone, sulfur dioxide and
hydrogen fluoride, the three major pollutants known
to have caused significant visual injuries to forest trees
in the past (NAPAP, 1987). Other air pollutants
known to potentially cause visual injuries to plants are
strong mineral acids, precursors of which are also
regulated by the CAAA (NAPAP, 1987). In addition,
there are a variety of other air pollutants potentially
affecting the visual appearance of plants, including
heavy metals such as lead and mercury (EPA, 1997d,;
Gawel et al., 1996; Smith, 1990; NAPAP, 1987);
nitrogen oxides; ammonia; peroxyacetyl nitrate;
chlorides; and ethylene (Smith, 1990; NAPAP, 1987,
Jacobson and Hill, 1970). However, very limited
information is presently available on visual damages
caused by these pollutants. Tables E-21 and E-22
summarize the known visual impacts of air pollutants
on forests and their geographic extent.

As a consequence of complex natural forest
dynamics, lack of extensive long-term monitoring
networks, and difficulties in establishing cause and
effect relationships, it is not possible to quantify the
extent of visual forest injuries caused by air pollutants
or changes that may have occurred since the
implementation of the CAAA. In addition,
mechanisms that induce threats to forests may operate

on such a long-term scale that benefits in the visual
appearance of forests may not be exhibited during the
period of our analysis.
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Table E-21
Typical Impacts of Specific Pollutants on the Visual Quality of Forests

Geographic Extent Direct/Indirect Injuries

Major Types of Visual Injuries

Ozone Area or regional effects Direct injuries

Foliar injuries (e.g., pigmented stipple), increased needle/leaf abscission, premature
senescence of leaves. Pattern, size, location, and shape of foliar injuries to indicator
species can be specific for ozone.

Indirect Injuries

Increased susceptibility to visual injuries that may result from other adverse
environmental factors, such as insect attacks. For example, increased needle/leaf
abscission, elevated mortality rates, and/or changes in species composition.

Acidic Deposition Area or regional effects Indirect Injuries

Increased susceptibility to visual injuries that may result from other adverse
environmental factors, such as climatic factors. For example, increased needle/leaf
abscission, elevated mortality rates, and/or changes in species composition.

Acidic deposition can also cause direct foliar injuries. Acids are, however, more likely
to indirectly affect the visual appearance of forest trees, unless exposure levels are
very high.

Sulfur Dioxide Point source pollution Direct Injuries

Foliar injuries including leaf/needle discoloration and necrosis. Pattern, size, location,
and shape of foliar injuries to indicator species can be specific for sulfur dioxide. At
high concentrations, elevated mortality rates of sensitive species and changes in
species composition may occur.

Sulfur dioxide may also cause indirect injuries. Indirect injuries, however, are not well
documented.

Hydrogen Fluoride Point source pollution Direct Injuries

Foliar injuries including leaf/needle discoloration and necrosis. Pattern, size, location,
and shape of foliar injuries to indicator species can be specific for sulfur dioxide. At
high concentrations, elevated mortality rates of sensitive species and changes in
species composition may occur.

Hydrogen fluoride may also cause indirect injuries. Indirect injuries, however, are not
well documented.
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Table E-22
Forests Affected by Regional Pollution

Affected Forest Type

Documented Visual
Injuries

Suspected Mechanisms of Injury

Sources

Mixed Conifer Forest / San Bernardino

Ponderosa and Jeffrey

Ozone and nitrogen

Foliar injuries include
chlorotic mottle, tip
necrosis, premature
senescence of
needles, and
increased needle
abscission. Elevated
mortality rates and
changes in species
composition have
occurred.

Direct ozone-induced foliar injuries. Heavy bark
beetle attacks facilitated by drought, ozone, and
nitrogen containing air pollutants.

Ponderosa and Jeffrey pine have shown air
pollution-related symptoms of decline probably
since the mid 1950s.

E PA 1996a; Miller,
1992; Stolte et al.,
1992; NAPAP,
1991; Miller and
McBride, 1998

Sierra Nevada,

Foliar injuries include
chlorotic mottle, tip
necrosis, premature
senescence of
needles, and
increased needle
abscission.

Direct ozone-induced foliar injuries.

The Sierra Nevada contains the largest forest area
in the world with documented damage from a non-
point source pollutant but ozone exposure and
injuries are not as severe as in the San Bernardino
Mountains. Visible ozone-induced foliar injuries
were first documented in the early 1970s.

EPA, 1996a3;
Peterson and
Arbaugh, 1992;
NAPAP, 1991;
Miller and Millecan,
1971

E-55



The Benefits and Costs of the Clean Air Act, 1990 to 2010

Affected Forest Type Region Major Air Documented Visual Suspected Mechanisms of Injury Sources
/ Species Pollutants Injuries
Spruce-Fir Forest / High elevation Acidic deposition Foliar dieback, bud Acidic deposition increases the susceptibility of red  EPA, 1995a;
Red Spruce areas in the (esp. acidic cloud injury, foliar loss, spruce to winter injury (freezing). Johnson et al.,
northern water), and ozone Elevated mortality A dramatic increase in the frequency of winter injury ~ 1992; DeHayes,

Appalachians.

rates.

in red spruce stands occurred in the late 1950s and
1960s, coincident with a significant increase in the
emissions of precursors of acidic deposition.

1992,
NAPAP, 1991

High elevation
areas in the
southern
Appalachians.

Acidic deposition
(esp. acidic cloud
water) and ozone

Crown thinning and
pockets of high red
spruce mortality have
been detected on a
few mountain sites.

Acidic deposition leads to nutrient imbalances
through accelerated foliar leaching and soil
acidification. Soil acidification is characterized by a
loss of soil nutrient cations and occurrence of toxic
aluminum levels. Also: direct foliar injuries caused

EPA, 19953a;
Johnson et al.,
1992; Johnson and
Fernandez, 1992;
Cook and Zedaker,

Ozone-induced foliar by ozone. 1992; NAPAP,
injury. 1991
Eastern Hardwood Northeastern US  Acidic deposition Crown thinning, Acidic deposition leads to nutrient imbalances USFS, 1995b;
Forest / Sugar Maple and Canada and ozone branch dieback, through accelerated foliar leaching and soil EPA, 1995a3;
elevated mortality acidification. Soil acidification is characterized by a NAPAP, 1991

rates

loss of soil nutrient cations and occurrence of toxic
aluminum levels.

During 1980s sugar maple declined in many stands
in the northeastern US and Canada. Involvement of
acidic deposition in sugar maple decline has not
been demonstrated but cannot be ruled out.
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Figure E-9
U.S. Major Forest Types Affected by Air Pollution-Induced Visual Injuries
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injuries also occur in several other locations not indicated (e.g., Southern Forests, Berraug et al, 1995).
Sources: NAPAP, 1991 and White and Cogpbill, 1992.
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Despite limitations in detecting trends in forest
health and associated causal agents, it is possible to
identify areas in the US that contain forests known or
suspected to experience visual injuries. Forests
affected by high concentrations of air pollutants in the
vicinity of point sources may provide useful case
studies because cause and effect relationships may be
easier to establish and visual injuries can be severe
enough to cause significant aesthetic impacts. In
particular, point sources can lead to well-defined
concentration gradients in the prevailing downwind
direction causing corresponding gradients of visual
injuries (Smith, 1990; NAPAP, 1987).

In  contrast, concentrations of regionally
distributed air pollutants (e. g., ozone and acidic
deposition), can be fairly uniform over large
geographic areas. Visual symptoms can be more
intense in the vicinity of urban areas or industrial sites
but may not be limited to these regions (NAPAP,
1987) making it more difficult to establish cause-and
effect relationships. Despite difficulties in establishing
cause-and-effect relationships, all identified forest
ecosystems likely to have experienced air
pollution-induced visual injuries in recent history are
affected by regionally distributed air pollutants.

Economic Value of Changes
in Forest Aesthetics

Though studies that attempt to estimate the value
of changing aesthetics are limited in number and
scope, they do suggest that people value forest
aesthetics and change outdoor recreational behavior
according to the quality of forest health in recreational
areas. The shear volume of forest-based recreation in
the United States suggests that improvements in forest
aesthetics could result in substantial benefits. For
example, the United States Forest Service reports that
recreation visitor days to national forests have
increased over the last ten years from 250 million to
over 350 million. With the potential magnitude of
aggregated individual preferences in mind, we review
several studies that relate individual preference for
forests with respect to overall appearance and attempt
to extend these analyses to those regions where forests
are most affected by air pollution.

Peterson et al. (1987) used the contingent
valuation (CV) method and a hedonic property
valuation model to estimate willingness to pay to
avoid ozone-induced forest damage in the Los
Angeles area. This contingent valuation survey
involved two samples: one made up of recreationalists
in the greater Los Angeles area, and the second made
up of individuals who owned property within the
boundaries of the San Bernardino and Angeles
National Forests. Each group was shown a set of
photographs depicting varying degrees of vegetative
damage. Mean WTP by recreationalists and residents
were found to be approximately $43 and $137 per
household per year, respectively. The hedonic analysis
revealed a significant and positive WIP to avoid
homes located in forested areas exhibiting ozone
damage. Using these two methods, total damages
resulting from the current levels of ozone induced
forest injury were estimated to be between $31 and
$161 million per year. The study authors rejected a
significant percentage of responses as "protest” or
"inconsistent” bids (40 petcent), which would indicate
that many respondents may not have understood or
accepted the scenario and the commodity being
valued. Apart from this, the study also does not
address a series of concerns related to the application
of CV to assess nonuse values. First, the survey
instrument did not include reminders of budget
constraints or substitute goods and services. Second,
the survey did not clearly define the commodity. The
WTP scenario did not clearly indicate how forest
damages were to be mitigated.

Walsh ez al. (1990) interviewed 200 individuals
representing the general population of Colorado and
were shown three color photographs representing
three levels of forest quality. The mid-level quality
was said to represent the present state of the forest
(100 to 125 live trees measuring more than six inches
in diameter at breast height (dbh) per acre).
Respondents were asked their WTP to prevent the
lowest state (zero to 50 live trees measuring more than
six inches dbh per acre) and attain the highest state
(125 to 175 trees per acre in this size class). All
respondents were informed beforehand that the
damage being valued was due to pine beetle and
spruce budworm infestations. Mean WTP per
respondent was estimated to be $47. An evaluation of
the Walsh et al (1990) study reveals several notable
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strengths. The survey included reminders of budget
constraints, and the authors ensured that respondents
were familiar with the commodity being valued and
were accustomed to paying for access to recreation
sites with good forest quality. Only five percent of the
responses wete rejected as "protest” or "large" bids.
Weaknesses of the study include a small sample size
(198), inconsistency between results solicited using
different question formats (iterative bidding vs. direct
question), and potential biases attributable to framing
the question as one of the most important issues
affecting Colorado residents and the possibility of a
"warm glow" affect concerning payment for a social
cause.

Holmes et al (1992) used a CV survey to
determine WTP to protect threatened spruce-fir
forests in Southern Appalachia from insect and air
pollution damage. In this study, residents within 500
miles of Asheville, NC were surveyed about their
willingness to pay to eliminate damages to regional
spruce-fir forests. The authors used two survey
formats, discrete choice and payment cards. The
mean willingness to pay for protecting the spruce-fir
forests was $20.86 using the payment card method,
and $99.57 using the discrete choice method. The
study ensured that the sample had adequate
knowledge of the commodity being valued, and the
overall sample size was large. Unfortunately, several
weaknesses arise from the fact that the sample was
divided into two groups in order to test different
survey formats. The study used a small sample size
for each of the tested methods (232 and 230,
respectively). The number of protest bids was small
(7 to 10 percent), indicating that the respondents
understood the function of the survey, but the final
results generated by the two different methods were
substantially different. This study was later revised in
Holmes and Kramer (1996), where the results were
published as mean willingness to pay of $36.22 for
forest users, and $10.37 for nonusets.

Extending Economic Estimates to a
Broader Area

These studies provide an incomplete picture of
the total benefits that could be obtained by eliminating
visual damages to forests associated with air pollution
in the country. As an illustrative calculation, we

extend the range of valuation estimates provided in
Peterson (1987); Walsh et al. (1990); and Holmes and
Kramer (1996) to the major regions of affected
landscape in the United States. We do not estimate
aesthetic value as a function of forest damage from
varying levels of air pollution, but rather provide an
estimate of the values placed on avoiding damages
characteristically experienced during the 1980s in the
United States.

In Table E-23 we present the results from the
three studies. We base our calculations of benefits on
the value per houschold of avoiding forest damages
multiplied by the number of households in the study
region.

In Table E-24 we present the results of an
illustrative calculation that extends the "market" for
this commodity to a broader group of households.
The annual value of avoiding the forest damages is the
product of the range of household values in Table E-
23 and the total number of households in the states
most affected by air pollution.
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Table E-23
Summary of Monetized Estimates of the Annual Value of Forest Quality Changes
Value of Total Annual
Change per Value of Value of
Household Change per Total Annual Value of Change for
Aesthetic (Current Household ~ Change for Region Region (1990
Study Change Valued Dollars) (1990 Dollars) '  (Current Dollars) Dollars) :
Peterson et Ozone damage to $6.31-$32.70" $7.26-$37.62 $27-$140 million $31-$161million
al. (1987) San Bernardino
and Angeles
National Forests
Walsh et al. Visual damage to $47 $61.68 $55.7 million $73.09 million
(1990) Colorado’s Front
Range
Holmes and Visual damage to $10.81 $10.37 NA NA
Kramer spruce-fir forests nonusers nonusers
(1996) in southern
Appalachia $36.22 users $34.76 users
Note: i.) Values adjusted using all item Consumer Price Index, Economic Report of the President, 1998. Years for current dollar

estimates: Peterson et al, 1987; Walsh et al, 1983; Holmes et al, 1991.
ii) Based on 4.3 million households in Los Angeles, Orange, and San Bernardino counties.
iii) Assumes 2.5 million households in North Carolina and 1.8 million in Tennessee.

Table E-24
lllustrative Value of Avoiding Forest Damage in the United States

(1990 Dollars)

Cumulative
Affected States Value per _ Estimated Total Value
System Included Household Households ' Annual Value " (1990-2010) "
Sierra Nevada CA $7.26-$37.62 10.4 million $75.5 million -$391.2 $1.02 billion -
and Los million $5.27 billion
Angeles Basin
Eastern Spruce  ME, VT, NH, $7.26-$37.62 23.2 million $168 million - $872.8 $2.27 billion -
Fir and MA, NY, PA, million $11.75 billion
Selected WV, TN,
Eastern KY, NC, VA
Hardwood
Notes: i.) Household data from 1990 Census; ii) Total Value = Households x Value per Household; iii)Assumes a 5 percent real

discount rate.

The results of existing work in this area suggest
that improvements in air pollution controls result in
positive changes in the aesthetic quality of forest
stands. Pollutant control provisions of the 1970 CAA
and the 1977 CAAA, for example, may have resulted
in a significant decrease or elimination of forests
visually affected in the vicinity of emission sources.
Further reductions in air pollution emissions
mandated by the 1990 CAAA should result in
additional improvements in forest health and

associated economic benefits derived from improved
forest aesthetics.

Our illustrative calculation of the regional effects
of improving the aesthetic quality of forest stands
(Table E-24) likely overstates the extent of market for
this commodity. Estimates presented in Table E-23,
however, based on a more conservative application of
the extent of market for this commodity, provide a
better basis to estimating the order of magnitude of
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this category of effects of air pollution on ecosystem
health. Considering only the Peterson et al. and Walsh
et al. studies, conducted in two areas that have been
shown in previous assessments to be affected by
accumulated air pollution damages, estimates of the
total annual value of improvements in the aesthetic
quality of forests are in the $100 million to $250
million range.

Caveats and Uncertainties

To quantitatively assess the effects of air pollution
emission reductions on forest aesthetic benefits,
considerable amounts of high-quality data are
required. These data include extensive long-term
monitoring networks producing consistent and
comparable information over time frames as long as
several decades. In addition, injuries captured by
monitoring networks have to be linked to the causal
agent(s), a task that is currently associated with high
factors of uncertainty. Only rarely, if ever, is air
pollution the only factor negatively affecting forest
health. Typically, a variety of adverse environmental
factors act synergistically to induce injuries,
considerably limiting our ability to detect air pollution
as one of the factors causing injury and to
quantitatively assess the amount of injuries attributable
to air pollutants.

There are caveats to the use of benefits transfer in
this context. The application of this method is
intended to provide an order of magnitude estimate of
the benefits associated with avoided aesthetic damages
to forests in the United States. More sophisticated
estimation methods will be required if a truly accurate
estimate of value, especially the marginal value of
incremental changes, is to be derived. Following is a
summary of the caveats to using this approach.

*  The impacts that we value are not equivalent
to those avoided through the implementation
of the CAAA, they are historical effects. A
comprehensive  assessment of  forest
aesthetics-related benefits associated with
improvements in air quality is limited by
significant factors of uncertainty occurring in
both the natural science component of the
assessment and the economic analysis.
Factors of uncertainty in natural sciences

include difficulties detecting trends in forest
health in general, attributing changes in forest
health to specific factors such as air pollution,
and  establishing wvalid dose-response
relationships of forest exposure to air
pollutants and resulting visual injuries.

* The types of aesthetic deterioration in the
original studies are not necessarily the same
as those experienced in other regions. The
nature of forest aesthetic detetioration will
vary (e.g. the yellowing of conifer needles vs.
gypsy moth defoliation of hardwoods) as will
the intensity.

*  We do not fully assess the range of potential
substitutes for the aesthetic health of regional
forests to each household. Having ready
substitutes could lower the value a specific
household might place on aesthetic quality of
regional forests.

*  The distinction between marginal values for
forest health and average value is not made.
As marginal values for changes in forest
health diverge from the assumed average
value in this analysis, the estimates develop
bias.

* We assume that differences in average
regional income do not affect estimates.

Toxification of Freshwater
Fisheries

The purpose of this section is to assess, from
1990 through 2010, the ecological benefits likely to
accrue as a consequence of reductions in the
emissions of hazardous air pollutants (HAPs), as
mandated by the CAAA. Title I1I of the CAAA lists
189 chemicals considered to be HAPs. Ideally, a
comprehensive economic analysis of the ecological
benefits of CAAA-mandated reductions in HAP
emissions would include analyses for all service flows
potentially affected by the emissions of HAPs.
However, a broad quantitative analysis of all these
benefits is not yet scientifically possible. What is
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possible is a qualitative analysis of the likely benefits of
reduced HAP emissions for recreational fishing. A
more detailed description of this analysis is found in
Economic Benefits of Decreased Air Toxics Deposition
Attributable to the 1990 Clean Air Act Amendments,
1990-2010 (IEc 1998d).

Impacts of Toxic Air Emissions

Five HAPs, mercury, PCBs, chlordane, dioxins,
and DDT were responsible for neatly 95 percent of
the fishing advisories extant in 1995 (EPA 1996b).
The use of three of these compounds (PCBs,
chlordane, and DDT) was effectively illegal in the
United States prior to 1990 (EPA 1992a), and there
are currently no plans for additional CAAA
regulations of these compounds (Federal Register
Unified Agenda 1998). The remaining two HAPs,
mercury and dioxins, are therefore the focus of this
analysis.

Because the ecosystem responses to toxic
contamination are pootly understood, and observable
service flow impacts are difficult to model, we use
fishing advisories as a measure of the extent of toxic
contamination. In addition, we can characterize the
economic impact of HAPs emissions based on altered
fishing behavior caused by toxic contamination of
freshwater fisheries. It is important to note that
fishing advisories alone do not provide a
comprehensive  view of impacts of toxic
contamination on ecosystems, and more expansive
measures should be examined in future research.

Fishing advisories are issued by state and tribal
agencies when the levels of toxins in the tissue of fish
exceed limits established by both state and federal
authorities. Fishing advisories generally take one of
four forms:

e Advisory for any consumption by the general
population;

e Advisory for pregnant women, nursing
mothers, and children;

e Advisory for limitation on consumption
based on size of fish and frequency of
consumption; and

* Advisory for limitation on consumption for
specific sub-populations.

According to the U.S. Fish and Wildlife Service
(1998), the total number of advisories in the U.S. in
1997 was 2,299, increasing five percent from 1996.
The number of water bodies under advisory
represents 16.5 percent of the nation's total lake acres
and 8.2 percent of total river miles. In addition, 100
percent of the Great Lakes waters and their
connecting waters and a large portion of the nation's
coastal waters are also under advisory. The total
number of advisories in the U.S. has steadily increased
for mercury and dioxin.

Mercury is responsible for approximately 75
percent of all fish consumption advisories in effect in
1995 (EPA 1996b). Mercury from point sources, as
opposed to mercury deposited from the atmosphere,
may be responsible for many of these advisories. The
lakes and streams with advisories are concentrated in
the northern portions of Minnesota and Wisconsin, as
well as in Florida, Missoutri, Indiana, Ohio, North
Carolina and New England (EPA 1997a, 1997d).
Judging by fish consumption advisories, fish mercury
levels do not appear to be a widespread problem in
the remainder of the United States, and EPA (1997d)
found that the typical consumer eating purchased fish
is not at risk of methylmercury poisoning.
Approximately three percent of fish consumption
advisories in effect in 1995 were due to the presence
of dioxins (EPA 1996b), and in 1996, 18 states had
one or more water bodies under advisement because
of dioxin levels in fish (EPA 1997a). Dioxins from
point sources may be responsible for many of these
advisories.

Several limitations to the fish advisory data exist.
First, many lakes, rivers and streams have not been
analyzed for toxicity, and it is possible that advisories
eventually will be issued for these water bodies. Table
E-25 summarizes the sampling intensity for toxicity
through 1997. Second, current levels of toxics in
watersheds may result in future toxification of healthy
water bodies, even in the absence of additional future
HAP deposition. Therefore, the current set of fish
advisories underestimates the magnitude of
toxification from air deposition to date. Third, the
protocol for fishing advisory issuance may vary from
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Table E-25

Summary of National Data on Toxicity Sampling for Fishing Advisories

Percentage of Water
Bodies Assessed for

Percentage of Assessed Water Bodies

Water Body Contaminants Under Advisory
Lakes 11.36 78.61
(acres)
Rivers and Streams 241 29.58
(miles)

Source: EPA 1997a
— _

state to state, removing any consistent basis on which
to judge the levels and causes of fisheries' toxicity for
each state.

lllustration of Economic Cost to Anglers

The economic welfare implication of water quality
changes to recreational fishing are well studied. Most
literature in this field focuses on the impacts of
deteriorating water quality in a specific fishery. More
recently, economic models are appearing that address
the social welfare cost of water quality deterioration in
multiple fisheries within a region. Such an approach
accounts for choices made by fishermen concerning
travel to, and the attributes of (e.g., fish advisories),
multiple fisheries. Random utility models (RUM)

provide the computational method for these regional
analyses.

Montgomery and Needelman (1997) were the first
to use direct water quality measures in conjunction
with a RUM approach to analyze the economic
impacts of toxification on regional anglers. Using data
from the New York Department of Environmental
Conservation ~ (NYDEC), Montgomery  and
Needelman identify 23 water bodies with toxicity
advisories among 2,561 lakes and ponds in the state.
Using water quality data and geographic location of
both water bodies and anglers, the authors estimate
the economic cost of the toxification within the state.
The results are presented in Table E-26.

Table E-26

Estimates of the Welfare Cost of Toxification in New York State

(1990 Dollars)

Compensating

Compensating
Variation per Capita

Compensating
Variation per Capita

Level of Toxicity Variation per Trip per Day per Season
Toxic Contamination $1.23 $0.37 $51.51
Site Closed Due to Toxic $1.69 $0.50 $70.92

Contamination

Source: Montgomery and Needelman 1997
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The results from Montgomery and Needelman
indicate that the economic welfare implication of
existing toxic contamination is substantial for New
York State, as described below:

$0.37/person/day x 17,990,000 people x 140
fishing days/season = $931,882,000/season.

In perpetuity,” the value of eliminating toxicity in
New York State, using a five percent discount rate, is
calculated to be $18,637,640,000.

Clearly, the results using these assumptions are
very large. Applications of this model for purposes of
estimating the effects of air toxics deposition on
recreational fishing requires further investigation of
the assumptions in this model.

Jakus et al. (1997) conducted a similar RUM
analysis of toxification of reservoirs in Tennessee.
Data from the Tennessee Valley Authority showed
fishing advisories for two of 14 reservoirs in central
Tennessee, and six of 14 reservoirs in the eastern
portion of the state. Again, using water quality data
and the geographic locations of both water bodies and
anglers, Jakus et al. (1997) estimated the economic
impact of the fish consumption advisories. Anglers
living in central Tennessee suffered a $17.92 per trip
per season loss from the advisories, and anglers in
eastern Tennessee suffered a $38.27 loss (1990
dollars). Therefore, considering an angler population
of 146,450 individuals, the impact of this level of
toxification into perpetuity, using a five percent
discount rate, is approximately $65.96 million.

These results indicate that fish advisories impose
substantial economic cost on anglers in the United
States. Measuring the marginal changes in toxification
that would occur in the absence of the CAAA is not
possible, but it is plausible to state that continued
HAP emissions impose a cost on society if they result

2 A perpetuity is a stream of benefits, accrued over an infinite
time horizon. A simplified formula for calculating a perpetuity of
equal benefits accrued annually, in which the first payment is
received at the end of year one, the second payment is received at
the end of year two, etc, is: (Nominal Value of Benefit) /
(Discount Rate)

in the issuance of additional fish advisories. Any
efforts to minimize these emissions, including the
CAAA, may generate corresponding benefits.

If air deposition of toxics results in statewide
fishing advisories (e.g., Connecticut, Washington D.C.,
Illinois, Maine, Massachusetts, Missouri, New
Hampshire, New Jersey, New York, North Carolina,
Ohio, Vermont), substitution away from recreational
tishing for other activities may begin to occur. No
models are available to estimate the economic impact
of a large-scale substitution away from recreational
fishing. The RUM approach does not adequately
capture the magnitude of ubiquitous toxification
because the models measure only the choice to
participate in the activity and not the welfare
implications of participation in alternative activities,
nor do they account for the industries that provide
supplies and services to anglers in the region.
However, the economic cost of statewide advisories
could be substantial.

Although Montgomery and Needelman (1997)
and Jakus et al. (1997) examined only two areas of the
country - New York State and part of Tennessee -
their work demonstrates that HAP emissions have a
measurable economic cost when the consequence of
these emissions is the issuance of fish advisories for
recreational fisheries. While it is not possible to
measure the differences in HAP deposition and the
marginal ecological impacts that will result from the
CAAA, it is clear that continued emissions of HAPs
will result in further toxification of aquatic resources,
and reductions in HAP emissions may provide
economic benefits.

The toxification of freshwater ecosystems in the
United States by mercury and dioxins is a problem,
and emissions of mercury and dioxins to the
atmosphere contribute significantly to the problem.
Quantifying the magnitude of ecosystem effects of air
toxics deposition is not yet possible, but it is clear that
the deposition of air toxics to some ecosystems, such
as freshwater recreational fisheries, can result in
measurable economic costs.
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Caveats and Uncertainties

Because of limitations in the currently available
data and models, a comprehensive quantitative
analysis of the ecological benefits of reduced mercury
and dioxin emissions for recreational fishing is not
possible. However, such an analysis may be possible
in the foreseeable future.

* The potential for mercury and dioxins to
persist for long periods of time in the
environment is a confounding factor in this
analysis. Because these pollutants can persist
in aquatic ecosystems for decades, even
though the CAAA may reduce their
emissions, it is possible that the status of
toxified ecosystems may not be significantly
affected during the time frame of the analysis
(i.e., through 2010).

* In addition, the persistent nature of
toxification presents challenges with respect
to how benefits are discounted over time. In
those cases where recovery from toxification
will take a number of years, the benefits
accrued by society will be diminished in terms
of their present value. In other words, if all
air emissions ceased, many fish consumption
advisories would remain in place until the
fisheries recovered. If this recovery period
were to extend for several decades, the
present value of economic benefits from the
eventual retraction of advisories could be
reduced dramatically. In a cost-benefit
decision analysis, these benefits might not
justify the costs of HAP regulations. In this
case, an  inter-generational  benefits
assessment, where discounting is not applied,
would be required.

* The global nature of mercury pollution is
another confounding factor Because a
significant portion of mercury deposited
within the U.S. comes from the global pool,
a decrease in U.S. emissions may be offset by
increases in emissions in other countries. If
this should occur, it might be difficult to

detect or predict actual changes in the toxicity
of U.S. aquatic ecosystems, despite
reductions in U.S. emissions.

* To quantitatively assess the effects of
mercury and dioxin emission reductions on
recreational fishing, more and better data and
models are required. The most pressing
research needs in this area are a model that
can predict the national fate and transport of
dioxin, and models that can, on a national
scale, convert mercury and dioxin deposition
quantities to amounts of the contaminants in
fish. Data to verify these models is also
highly desirable.

* Even if it were currently possible to perform
the analysis discussed here, it would likely
capture only a fraction of all the benefits
attributable to CAAA-mandated HAP
emissions reductions. The analysis focused
entirely on two HAPs and on one endpoint.
Neither the potential benefits of reductions
in the emissions of other HAPs nor other
endpoints were considered.

Conclusions and Implications

Our analysis has identified four major categories
of air pollutants that affect ecological structure and
function: sulfur compounds, nitrogen compounds,
tropospheric ozone, and hazardous air pollutants.
Each of these pollutants is scientifically documented
as a cause of ecosystem degradation due to acute and
chronic exposure. Sulfur and nitrogen compounds
contribute to episodic and chronic acidification of
aquatic and terrestrial ecosystems, while the chronic
deposition of nitrogen compounds alone may cause
harmful eutrophication to terrestrial and aquatic
ecosystems. Tropospheric ozone disrupts the normal
functioning of plants, leading to acute, visible damages
to terrestrial ecosystems, and chronic exposure at
levels that do not produce acute damages may result
in reduced growth rates and eventually alter ecosystem
nutrient cycling. Finally, hazardous air pollutants
deposited across the landscape are accumulating in
aquatic organisms and subsequently entering both
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aquatic and terrestrial foodchains. Though the
ecological impacts are not fully understood, the long-
term effects of introducing hazardous air pollutants to
ecosystems may be slow to manifest and irreversible
in nature.

Ecological effects can occur at different levels of
biological organization. Most effects that are currently
quantifiable are understood at the individual or
population level, perhaps because of the feasiblity of
conducting controlled experiments at this level. For
example, research on the effects of ozone on timber
began with experimental research on the response of
seedlings and leaves of mature trees to elevated levels
of ozone. Only recently have modeling efforts begun
to consider interactions of factors at the community
level, taking into account the dynamics of competitive
relationships among tree and plant species.
Experimental research continues to progress toward
a better understanding of the full range of ecological
impacts including effects at the ecosystem level.
Continued consideration of these higher-order effects
of pollutants on ecological systems is necessary for a
more complete understanding of the benefits of
pollution control.

Because the chronic ecological effects of air
pollutants may be poorly understood, difficult to
obsetve, or difficult to discern from other influences
on dynamic ecosystems, our analysis focuses on acute
or readily observable impacts. Disruptions that may
seem inconsequential in the short-term, however, can
have hidden, long-term effects through a series of
interrelationships that can be difficult or impossible to
observe, quantify, and model. This factor suggests
that many of our qualitative and quantitative results
may underestimate the overall, long-term effects of
pollutants on ecological systems and resources.

Summary of Quantitative Results

Although the effects of air pollutants on
ecological systems are likely to be widespread, many
effects may be pootly understood and lack quantitative
effects characterization methods and supporting data.
In addition, many of our quantitative results reflect an
incomplete geographic scope of analysis; for example,
we generated monetized acidification results only for
the Adirondacks region of New York State. As a

result, quantitative results we generate for the
purposes of estimating the benefits of the CAAA
reflect only a small portion of the overall impacts of
air pollution on ecological systems. Our quantitative
overview of effects nevertheless suggests that the
overall impacts of air pollution are far greater than
those quantified.
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Table E-27
Summary of Monetized Ecological Benefits (millions 1990%)
Primary
Central
Geographic Range of Primary Cumulative
Scale of Annual Impact Central Impact
Description Air Economic Estimates in Estimate Estimate
of Effect Pollutant Estimate 2010 for 2010 1990-2010 Key Limitations
Freshwater Sulfurand Regional $12 to $88 $50 $260 - Captures only
acidification  nitrogen (Adirondacks) recreational
oxides fishing impact
- Incomplete
geographic
coverage leads to
underestimate of
benefits
Reduced tree Ozone National $190 to $1000 $600 $1,900 - Uncertainties in
growth - Lost stand-level
commercial response to
timber ozone exposure
- Uncertainty in
future timber
markets
TOTAL MONETIZED ECONOMIC BENEFIT  $200 to $1,100 $650 $2,200 - Partial estimate

that omits major
unquantifiable
benefits
categories; see
text

Note: Estimates reflect only those benefits categories for which guantitative economic analysis was supported. A comprehensive
total economic benefit estimate would likely greatly exceed the estimates in the table. Range of estimates for timber assessment is

based on variation in annual point estimates for 2005 through 2010.
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Despite these limitations, it is important to
recognize the magnitude of the monetized ecological
benefits that we could estimate and reflect those
results in the overall estimates of benefits generated
in the larger analysis. Table E-27 provides a tabular
summary of the results documented eatlier in this
appendix. It is not possible to indicate the degree to
which ecological benefits are underestimated, but
considering the magnitude of benefits estimated for
the select endpoints considered in our analysis, it is
reasonable to conclude that a comprehensive benefits
assessment would yield substantially greater total
benefits estimates.

Recommendations for Future Research

Previous sections of this appendix have discussed
several areas for future research related to the
individual research and analytic efforts conducted.
From a broader perspective, there are three key
research needs to improve benefits assessments of this

type:

* Exemplary assessments that incorporate a
greater emphasis on ecosystem structure and
function rather than specific service flows;

* Assessments with broader geographic
coverage of impacts categories assessed in
this report; and

*  More sophisticated treatment of uncertainty
and  complexity, including  careful
consideration of irreversibility  of
ecosystem impacts.

the

Assessing Changes in Ecosystem
Structure and Funtion

A major limitation of our quantitative analysis is
that by focusing on individual acute and chronic
impacts it is possible to lose sight of ecosystem-level
changes to structure and function. These ecosystem-
level changes could eventually lead to large-scale
impacts far greater in degree and geographic extent.
Determining the appropriate ecological level of
analysis is crucial to properly account for ecological
benefits that may accrue from environmental
regulations. While quantifying the decrease in impacts
on species attributable to air pollutant control is
analytically tractable, the impact of pollutant

reductions on ecosystem structure and function may
be a more appropriate measure that can be further
explored in future analyses.

Changes in ecosystem structure and function may
not be obvious to the lay person, and the ultimate
effects of such changes in ecosystems are sometimes
unpredictable in scale and nature. Ecosystems
affected by humankind may respond in a
discontinuous manner around critical thresholds that
are boundaries between locally stable equilibria.
Complexity in ecosystems prevents analysts from
using linear methods to “add up” the discrete
ecological effects of pollution. Understanding the
complex cause and effect relationships between
pollution and deterioration of ecosystem structure and
function is fundamental to making adequate policy
decisions that will protect ecological resources. The
isolation of service flows may often imply an
oversimplified cause and effect relationship between
pollution and the provision of the service flow, when
morte often the service flow is affected by complex
non-linear relationships that govern ecosystem
structure and function. The result is that ecosystem
impacts may not be adequately assessed by analyses
that focus on specific service flows.

One potentially fruitful approach to assessing
impacts on the ecosystem scale would be to more
adequately model a wide range of ecosystem functions
that do not necessarily contribute to human welfare.
Assessments at the watershed scale might provide an
appropriate level of detail to more adequately
characterize some of these intermediate service flows.
This type of research effort would require close
cooperation between air pollution specialists,
ecologists, and economists to be most useful within
the context of benefit-cost analyses such as this one.

Broader Geographic Scale

Several of the ecological analyses conducted to
support the first prospective section 812 report are
limited by their partial geographic coverage. For
example, while nitrogen deposition is an important
contributor to eutrophication in a wide range of
Eastern and Gulf Coast estuaries, resource, time, and
data availability constraints, as well as limitations in
our ability to reasonably apply an avoided cost
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approach, prevented EPA from conducting a national
economic assessment for this category of impacts. In
this and many other effects categories, extension of
the methods applied here to new geographic areas
could greatly enhance the comprehensiveness of the
physical effects and economic impact estimates.

Alternative Treatment of Uncertainty

At present a variety of economic schools of
thought are converging on quantitative analysis of
environmental impacts that integrate uncertainty,
irreversibility and ecological complexity. Efforts
within the field of “ecological economics” to develop
structured appraisals of uncertainty associated with
environmental management and procedural rationale
for decision making have yielded a variety of
theoretical proposals. Drepper and Mansson (1993)
argue that most aspects of uncertainty are compressed
into the discount rate for policy analysis, resulting in
the inappropriate use of a constant positive discount
rate for environmental existence values. These
existence values, they argue, may be more
appropriately assigned negative discount rates.
Faucheux and Munda (1997) advance a similar
criticism of the unified discount rate and posit that a
differentiated discount rate be applied to multiple
aspects of a policy decision according to the implied
uncertainty of each aspect. This quantitative approach
evolves into a multi-criteria decision framework that
departs from conventional cost-benefit analysis.
Alternatively, Hinterberger and Wegner (1997)
abandon quantitative analysis as a futile exercise due to
ecosystem complexity in favor of simply applying the
precautionary principal of reducing any and all
environmental impacts that have uncertain outcomes.

In the resource economics literature, discussion of
alternatives to cost-benefit analysis when the
magnitude of benefits or costs are uncertain have
focused on the concept of quasi-option value (see
Freeman 1993 for a summary). The term was coined
by Arrow and Fisher (1974) to describe the potential
welfare gain of altering the timing of
development/preservation decisions under uncertainty
and when at least one of the choices involves an
inrreversible commitment of resources (either spent or
preserved). While much of the quasi-option value
literature suggests that adopting this type of

framework would lead to greater environmental
protection, Freeman (1993) argues that it is also
possible that the information gained by some
incremental development of ecological resources
might be the only way to reduce uncertainty and gain
information about the magnitude of the trade-offs
involved in preventing ecological exposures. It is
nonetheless important to recognize that option and
quasi-option value should not be considered as
additional components of willingness-to-pay, but
rather a value of altering decision making practices
(e.g., the value of moving from a benefit-cost
framework based on expected value to a framework
that better considers the value of information gained
over time and the irreversibility of certain effects).

The main implication of this body of work is that
cost-benefit analysis may well underestimate the value
of both the costs and benefits of uncertain,
irreversible environmental outcomes from public
policy. From the cost perspective, regulating a
pollutant that may have no environmental
consequence may cause economic losses that reduce
unknown investment and growth opportunities in the
future. From the benefits perspective, the value of
preserving ecosystem integrity may include the
mitigation of irreversible damage to a variety of
service flows previously not associated with simplified
dose-response relationships between pollution and
ecosystems.  Applications of these principles in
economic assessments, including more rigorous
assessments of option and quasi-option value,
probabilistic analysis of multiple scenarios, and value
of information approaches have the potential to
greatly increase the utility of uncertain ecological
assessment results for the purposes of making
environmental policies.
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